Benzo(α)pyrene (BP) and 7, anthracene (DMBA) are potent carcinogens for mammals, which are able to affect the normal metabolic processes. The influence both of BP and DMBA to the transport rate of individual 14 C labeled amino acids ( 14 C-lysine; 14 C-valine; 14 C-leucine or 14 C-tyrosine) in yeast Saccharomyces cerevisiae strain A3 were studied by introducing about one µCi (37 kBq) of individual 14 C labeled amino acid into 30 ml liquid ethanol media that contained BP (0.001% v/v) or DMBA (0.001% v/v), then followed by inoculating a known concentration of yeast suspension in such a manner to get the initial optical density (OD) of new cultures were about 0.10. Uptake rates were determined at certain intervals after inoculation, using a liquid scintillation counter. The results show that BP had the tendency to increase the uptake rate while DMBA showed a reversed effect on the use of amino acids. It was also found that tyrosine was absorbed faster than valine as well as leucine and this was different with the result reported by the former investigators.
Introduction
Several agents that cause cancer in human beings have been studied extensively. Benzo(α)pyrene (BP) and 7,12-dimethylbenz(α)anthracene (DMBA) are polynucleated hydrocarbons that belong to potent chemical carcinogens [1, 2] . So far many studies on the physiological influences of BP and DMBA have been generally carried out in mammals. Much research has been done, but the mechanism of carcinogenesis in mammals is not clear. The effect of BP and DMBA in unicellular eucaryotes has been studied [3] . However, the results from this study could not explain clearly all the problems found in carcinogenesis.
We studied the influence of BP and DMBA on the uptake rate of some amino acids in yeast. For its growth and regeneration, uptake of amino acids by the yeast Saccharomyses cerevisiae from the media is proceeded by active transport. Permeases facilitate the active transport of various amino acids [4] . The uptake rate of individual amino acid from the media or wort* is different [4, 5] . Based on the uptake rates, Pierce [6] [7] [8] divided the amino acids in wort into four groups. The most readily absorbed was the A group that consists of glutamic acid, aspartic acid, asparagine, glutamine, serine, threonine, lysine, and arginine, followed by the B group that consists of valine, methionine, leucine, isoleucine, and histidine, then followed by the C group that consists of glycine, phenylalanine, tyrosine, tryptophan, alanine, and ammonia and the slowest one was D group containing only proline.
According to Weisburger et. al. [9] when carcinogens enter an organism, they are metabolized and become the ultimate carcinogens that react with DNA. The adduct could result in mistranscription in mRNA formation. Since mRNA is a protein template, this matter would further cause the mistranslation in protein synthesis [10, 11] . The last process could probably give rise to the change in the structure of either the cell membrane or the cell wall.
It is supposed that the presence of BP and DMBA in the culture media of yeast would be able to inhibit or to change the amino acid uptake pattern of yeast. We studied the uptake of some amino acids, which represented each A, B, and C group by yeast using a radioactive tracer method.
Materials and methods
The yeast used in this experiment was Saccharomyses cerevisiae strain A3 obtained from Biochemistry Subdivision, Bandung Instititute of Technology and had been adapted to grow on 1% liquid ethanol media. BP and DMBA were obtained from Fluka (Buchs, Switzerland), while the 14 C labeled amino acids were from the Radiochemical Center Amersham (Buckinghamshire, UK). The A, B, and C groups of amino acids each were represented by 14 C-lysine, 14 C-valine, 14 C-leucine, and 14 C-tyrosine. Picofluor from Packard (Downer Grove, Ill., USA) was used as a liquid scintillation cocktail. All the chemicals used under this experiment were analytical grade reagents.
The Beckman liquid scintillation counter (Beckman, Irvine, Calif., USA, LS 7550, No. Series 7775082) was used to count the radioactivity. Separation of yeast (from residual media) was carried out using a portable centrifuge. Inoculations and sampling out inoculates at various intervals were done in the sterile Laminair Airflow Bench (Clemco, Australia) and an Edmund Buhler shaker (Dreieich, Germany) was used to activate yeast regeneration during incubation.
Regeneration BP treated yeast group
A sample of 0.3 cm 3 of 0.1% BP solution was put into an Erlenmeyer flask (125 ml) containing 30 ml of 1% liquid ethanol media which consisted of 1% KH 2 PO 4 , 1% pepton, and 1% ethanol (v/v). The volume of 10 -2 cm 3 (~ 37 kBq or 1 µCurie) of one of the 14 C labeled amino acids ( 14 C-lysine) was added to the media, followed by inoculation of ethanol yeast which was taken from the stock suspension to get the initial optical density of 0.100. The culture was shaken at the speed of 180 rpm and incubated at room temperature. After 0, 5, 15, 25, 35, and 45 hours of inoculation, about 2 ml of the inoculate was taken from the culture and centrifuged to separate the yeast from the media. The supernatant was used to determine the radioactivity found in the residual media. The same treatment was done for the other 14 C-labeled amino acids on the 5th, 10th, and 15th regeneration.
DMBA treated yeast group
The step and the sequence of work was the same as in the BP treated yeast group. In this group DMBA replaced BP.
Counting and calculation
A 0.5 cm 3 sample of supernatant of each culture was added to the counting bottles each of which contained 4.5 cm 3 of the liquid scintillation cocktail. The mixture was shaken in order to mix it thoroughly, then counted using a liquid scintillation counter. Each sample was counted for 5 minutes and repeated 3 times. The counts obtained in counts per minute (cpm) were transformed into desintegrations per minute (dpm).
The calculation of the uptakes was done as follows:
where: A u = radioactivity of amino acid uptake rate /0, 10 OD/hour, A p = radioactivity of the previous amino acid uptake rate /0, 10 OD/hour, A l = radioactivity of the latter amino acid uptake rate /0, 10 OD/hour, OD p = the previous optical density of yeast inoculate, OD l = the latter optical density of yeast inoculate, T = length of time between the previous and the latter intervals.
Results and discussion
The molecular structures of BP and DMBA are shown in figure 1 . Figure 2 shows the ethanol yeast regeneration curve. The lag phase was the period roughly between zero to five hours, the exponential phase was between 5 to 20 hours, 20 to 30 hours was the early stationary phase and the late stationary phase was the period over 35 hours. Samples were taken from the yeast culture following the sequence of its regeneration growth phase. The uptake rate of the 14 C-lysine of the three groups of yeast is shown in figure 3 . During the lag phase (0 to 5 hours of incubation), the decrease of the labeled amino acids radioactivity in the residual media was significant. At the next interval, however, they increased, while the yeast population was higher at this interval. This indicated that during the lag phase the rates of the uptake were not stable yet. It was supposed that the decreased radioactivity in the media was not simply caused by the uptake, but that there were other factors involved. The stickiness of the outer cell wall could lead to the attachment of 14 C-lysine molecules onto the cell wall. By further incubating while shaking, the molecules were unattached from the media, which increased the radioactivity of the media, so that at 5 to 15 hours the uptake rates were reduced. For control and BP yeasts, the uptake rates began to appear at 5 to 15 hours and were increasing at 15 to 25 hours, while for DMBA yeast, the rate was slower. At the early stationary phase (25 to 35 hours) the uptake rate began to decrease for BP yeast up to the late stationary phase (35 to 45 hours). For control yeast, the uptake rate decreased during the late stationary phase, however, the uptake rate for the DMBA yeast increased. These phenomena could probably be related to the metabolic processes of each group of yeasts.
Similar uptake patterns were indicated for 14 C-valine and 14 C-leusine (figs. 4 and 5), however, for 14 C-tyrosine ( fig. 6 ), pyramidal shapes of uptake rate were shown on the three groups of yeasts, and the peak was found at the incubating interval of 15 to 25 hours. Figure 7 shows the uptake rates of the four 14 Clabeled amino acids on the control yeast. Through the sum of the all intervals uptake rate it could be stated that the fastest to be absorbed was 14 C-lysine, then followed by 14 C-valine, 14 C-tyrosine, and 14 C-leucine. The same pattern was applied for BP and DMBA yeasts (figs. 8 and 9). As illustrated in the figure 3 to 9, even though the speed of each amino acid uptake fluctu- ated along all intervals, in each group of yeast (control and treated) 14 C-tyrosine was absorbed faster than 14 C-leucine. But if the uptake rate was considered on the effective intervals of yeast growth rate (exponential up to the early stationary phases) and comparison was done beyond the uptake rate of 14 C-lysine, the tendency to increase the uptake of amino acids was shown by BP yeast, while DMBA yeast showed the reverse effect ( fig.10 ). Also, 14 C-tyrosine was absorbed faster than 14 C-valine as well as 14 C-leucine. This phenomenon differs to that found by Pierce [7] [8] [9] .
Conclusion
The uptake rates of amino acids by yeasts fluctuated during each generation period. The uptake of amino acids appeared consistently between the transition and early stationary phases. Tyrosine was absorbed relatively faster than valine and leucine which was different from that stated by Pierce [7] [8] [9] . It was supposed that BP and DMBA led to different effects on the cell membrane as well as the cell wall, so the uptake rate patterns for various amino acids of BP and of DMBA yeasts were different from that of the control. 
